INTRODUCTION
Pharmacogenetics, the union of classical pharmacology with human genetics, together with the more wide-ranging discipline of pharmacogenomics, which encompasses novel gene expression profiling, proteomics, and bioinformatics tools, present a valuable potential for implementation into the practice of medicine. [1] [2] [3] [4] [5] [6] New pharmacogenomics knowledge would allow the incorporation of individualized or personalized medicine to the clinic, most likely starting with comprehensive reductions in the alarmingly high rates of adverse drug reactions (ADRs), currently estimated to account for about 6% of new hospital admissions to internal medicine wards. [7] [8] [9] Meanwhile, tools for rapid genotype-based identification of individuals likely to be 'poor or ultra-rapid metabolizers' for certain cytochrome P450 enzymes are already entering the diagnostics market. 10 Such individuals metabolize certain drugs much slower or much faster than normally due to genetic fault or presence of extra copies of the relevant cytochrome P450 gene. For example, individuals who are 'CYP2D6 poor or ultra-rapid metabolizers' metabolize many antipsychotic and antidepressant drugs at very slow or too rapid rates, respectively. For 'CYP2D6 poor metabolizers' this puts them at elevated risk for ADR, [11] [12] [13] while for the 'CYP2D6 ultra-rapid metabolizers' this often leads to lack of drug efficacy. 13, 14 The antipsychotic and antidepressant drugs are among the most frequently prescribed worldwide. Consequently, harmful blood concentrations of such drugs might occur even when taken at recommended dosage, and ADRs are therefore likely to take place. [4] [5] [6] Thus, it is of utmost importance to identify such atrisk individuals in advance as a vital part of the quest to reduce the incredibly high current ADR rates, which have become a major cause of morbidity and mortality in developed nations. [7] [8] [9] In coming decades, personalized medicine is expected to methodically revolutionize the practice of most medical disciplines, offering more efficacious pharmacotherapy possible for the individual patient based primarily on genetic profiling. 15, 16 The key questions now seem to be not if true personalized medicine would arrive at the clinic, but rather, when it would arrive, and how it would affect the well being both of individuals and of society. 5, 6 Obviously, the move towards pharmacotherapy decisions, based to a great deal on the patient's individual genome, expression profiling, or proteome data, would dramatically affect the way that medicine is practiced, posing substantial moral concerns. [17] [18] [19] [20] [21] [22] [23] [24] [25] Discussions are well under way regarding medical, ethical, societal, and regulatory aspects of pharmacogenomics and its expected implementation into the clinic. [17] [18] [19] [20] [21] [22] [23] [24] [25] Entire public conferences have been devoted to bioethics and societal aspects of pharmacogenomics, including special working parties such as those set by the Nuffield Council on Bioethics 26 and the European Commission. 27 In contrast to the extensive on-going interest of leaders of the medical community in bioethics and societal aspects of pharmacogenomics, expressed in debates and publications, [17] [18] [19] [20] [21] [22] [23] [24] [25] there appears to be a relative lack of initiatives concerning the educational aspects of pharmacogenomics, both for professionals and for the community. 6 Clearly, we are facing an urgent need to better educate our future physicians, so that they would be able to fully utilize the potential of the new diagnostics tools that are already arriving at the clinic for improving drug safely. 10 Although several calls advocating for its incorporation into the pharmacy schools [28] [29] [30] [31] and medical schools curricula 16, 32 have been made, a recent provisional survey prepared by one of us (DG) during the summer of 2004 and presented at the 3rd Annual ISP Meeting found that only a minority of medical schools in Europe and North America already include pharmacogenomics as part of their core pharmacology curricula. This situation might reflect insufficient alertness of those in charge of updating the medical education curricula, possibly combined with the tendency of medical faculty to be conservative, 33 and a lack of appropriate pharmacology textbook chapters.
In order to move forward with the incorporation of pharmacogenomics into the medical schools core curricula, a 'Pharmacogenomics Education Forum' was held during the October 2004 3rd Annual Meeting of the International Society of Pharmacogenomics (ISP) at Santorini Island, Greece. 6 The participants, members of the ISP Pharmacogenomics Education Forum, after focused discussions during the conference and followed by correspondence, agreed upon the following 'Background Statement' and 'Recommendations and Call for Action' to Deans of Education at Medical, Pharmaceutical, and Health Schools globally.
ISP PHARMACOGENOMICS EDUCATION FORUM BACKGROUND STATEMENT
1. We perceive pharmacogenomics to be one of the key platforms for personalized medicine, which will ultimately allow safer and more effective pharmacotherapy for many chronic ailments in particular. Personalized medicine will be based in large part on each patient's unique genome, and/or unique gene expression profiling or proteomics data of blood samples or biopsy specimens of the diseased tissues. Such information would include variations in alleles and expression levels of drugmetabolizing enzymes, drug transporters, drug target genes, disease risk genes, and protective (disease-modifying) genes. 2. We are aware that pharmacogenomics is a rapidly evolving research field, where many observations need further substantiation in larger study cohorts, and in additional ethnic and other subgroups. Yet, it already embraces several established observations and technologies ready for immediate clinical implementation. One notable example is genotyping for CYP2D6 and CYP2C19 alleles associated with 'poor drug metabolizer' phenotypes, for which clinical guidelines with adjusted dose recommendations for several antidepressants have been published, 34 and in September 2004 the EU has approved the first commercial DNA chip for clinical diagnosis. 10 3. We view with concern the fact that the implementation of personalized medicine is much slower than anticipated. Six years ago, a report by the Institute of Medicine stated that up to 100 000 people in the US alone died each year of medical errors, a large part of which reflecting toxic drug reactions. 35 Thousands of human lives can potentially be saved each year if certain aspects of pharmacogenomics, such as cytochrome P450 enzymes genotyping, are adopted by treating physicians, get widely implemented into the clinic, and become a common ingredient of medical practice worldwide. Indeed, in a recent poll conducted by the American Association for Clinical Chemistry, five cytochrome P450 genes (CYP2D6, CYP2C9, CYP2C19, CYP2B6, and CYP3A5) were identified among the 'top 10 pharmacogenetic tests'. 36 Of note, thiopurine methyltransferase (TPMT) was identified as the second most important pharmacogenetic test following CYP2D6 on this list. Safe and effective pharmacotherapy, prescribed following genotyping for these enzymes, would contribute significantly to the improvement of quality of life and reduction of ADRs associated with drugs metabolized by these enzymes. 4. We are aware that a true and all-binding personalized medicine might be decades away, and harbors some controversial ethical and legal questions that will need to be continuously discussed and solved through public debate and legislation. Many open questions on pharmacoeconomics remain without clear answers. For example, who will pay the high projected costs for revised drug labeling information, needed for many current drugs, scores of which are generics and of little interest for the pharmaceutical industry? 5. We are also aware that initial unrestricted optimism on the potential of pharmacogenomics has been recently sobered by more skeptical views. 37, 38 However, the above examples of the ability to predict poor metabolizers for a substantial number of drugs should not be ignored. We therefore expect that pharmacogenomics will soon find an increasing place in medical practice and therefore current skepticism should not hamper efforts for teaching the basics of pharmacogenomics to current students of healthcare professions, using the up-to-date corroborated scientific knowledge. Our medical, nursing, pharmacy, pharmacology, medical biology, and health administration students should be able to comprehend pharmacogenomics foundations and principles by the time they finish their internships or graduate studies. This would be essential for enabling them to manage the new genomics-based diagnostic tools and techniques, and related decision-taking paradigms governing stateof-the-art patient care. Certain aspects of personalized medicine, most likely beginning with genomic tools for improved drug safety, will definitely arrive at the clinic by the time that they conclude their specialization in various medical disciplines, or as they begin their independent careers as healthcare professionals. Moreover, diagnostics companies are actively developing rapid pharmacogenomics 'point of care' tests. It is predicted that several such '1 h tests' would appear on the diagnostics market by 2007 (Janet Warrington, Affymetrix, personal communication). This will allow a major move forward with the realization of personalized medicine, including at the emergency room setting. It is essential for good medical practice to have physicians and health professionals who would know how to make the best use of such diagnostics once they are in the market. Unless health educators start teaching pharmacogenomics soon, the expected benefit to society from such novel tools will be slower to implement, at the cost of unnecessary human morbidity and mortality.
ISP RECOMMENDATIONS AND CALL FOR ACTION
The following recommendations were arrived at during discussions at the 'Pharmacogenomics Education Forum' held at the October 2004 3rd Annual ISP Meeting, and in subsequent correspondence between the forum participants.
1. We call upon Deans of Education at Medical, Pharmaceutical, and Health Schools worldwide to incorporate the teaching of pharmacogenomics as an integral part of their core pharmacology curricula, as soon as possible. 2. We call upon policymakers and government agencies involved with medical education, and education sections of National Pharmacology Societies, and the European and International Pharmacology Organizations to recommend the incorporation of the teaching of pharmacogenomics globally in the basic education of physicians, pharmacists, and nurses. 3. Basic MD pharmacogenomics education should ideally encompass at least 4 h, and ideally about 8 h of teaching, as part of the basic pharmacology curricula for MD students. It should include background information on the large scope of human genome variation and on the scientific methods employed to utilize this variation for the benefit of medical practice. It should emphasize the potential of pharmacogenomics applications for improving the quality and safety of pharmacotherapy for chronic diseases in several organ systems. Finally, it should present in detail common genetic polymorphisms in drug-metabolizing enzymes affecting drug pharmacokinetics and hence drug safety, such as the CYP450 enzyme family and the TPMT. Examples of polymorphisms that seem to affect drug pharmacodynamics, such as the beta-2 adrenergic receptor and apolipoprotein E, should also be taught. This might be incorporated as a case-based learning module in pharmacology/toxicology or pathology courses. 4. More extensive teaching in pharmacogenomics should be offered to graduate students in Pharmaceutical, Life Sciences, and Health Schools. 32 5. Pharmacogenomics is a rather new field that has not been part of the curricula of practicing clinicians today. Efforts for continuing medical education (CME) on pharmacogenomics should be initiated in major academic hospitals worldwide. 6. Oncology teaching and CME programs, in particular, must include a focused emphasis on pharmacogenomics, since personalized, genotype-based treatments have effectively entered the clinic for several types of malignancies. 7. The content of pharmacogenomics educational material should be updated regularly, keeping up-to-date with the latest developments and technical innovations. 8. We call upon publishers of basic and clinical pharmacology textbooks to dedicate a separate chapter to pharmacogenomics in their upcoming editions. Meanwhile, review articles, web resources, and case studies should be employed as teaching materials. 10. Better pharmacogenomics education for healthcare professionals, combined with better patient education by treating physicians, is ultimately required for the coming genomic transformation in the practice of most medical disciplines. Eventually, such didactic efforts will amount to better public awareness, and to the advancement of both individual and community health.
CONCLUSIONS
The participants of the 'Pharmacogenomics Education Forum' held on October 2, 2004 during the 3rd Annual Meeting of the International Society of Pharmacogenomics (ISP) and the Education Sub committee of the ISP issue the above 'Background Statement' and 'Recommendations and Call for Action' addressed to Medical, Pharmaceutical, and Health Schools Deans of Education. We call upon Deans of Education to incorporate pharmacogenomics in the core teaching curricula of pharmacology without further delay. Taking this step now is vital for ensuring successful implementation of personalized medicine into medical practice later, in pace with the emergence of the latest genomic diagnostics tools, for the benefit of the individual patient and society at large. Unless this step is soon taken, medical education might later become a bottleneck in the road to implement personalized medicine. Education for the next generation is a prime community task concerning all disciplines of knowledge. Wherever medicine is concerned, this task is also an asset for the present generation, as our current health professions students will take care of our generation when it ages.
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